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Sduwlflsdwlrq= Hfrqrplf Dqdo|vlv dqg Hylghqfh iru wkh
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Mxo| 4<<<
Devwudfw
Wklv sdshu surylghv d vlpsoh prgho/ edvhg rq h{shfwhg xwlolw| wkhru|/ iru udwlrqdol}lqj
wd{sd|hu*v uhdfwlrq wr dq xqh{shfwhg dpqhvw| r￿hu1 Wkh prgho lv hvwlpdwhg wkurxjk d ghwhu0
plqlvwlf dssurdfk/ zlwk uhihuhqfh wr gdwd shuwdlqlqj wr wkh 4<<4 dqg 4<<7 Lwdoldq wd{ dpqhvwlhv1
Uhvxowv vhhp vrxqg dqg vxjjhvw wkdw vwdqgdug fulwltxhv wr wkh xvh ri h{shfwhg xwlolw| wkhru|
iru ghvfulelqj wd{sd|hu ehkdylru gr qrw dsso| zkhq sduwlflsdwlrq lq dpqhvwlhv lv frqvlghuhg1
Krzhyhu/ wkh prgho idlov lq h{sodlqlqj wkh ehkdylru ri ixoo frpsolhuv +zkr uhixvh wkh dpqhvw|,1
Wkhlu ehkdylru fdq eh ehwwhu udwlrqdol}hg e| uhvruwlqj wr wkh h{shfwhg xwlolw| zlwk udqn gh0
shqghqw suredelolw| dssurdfk1
Nh|zrugv= wd{ dpqhvw|/ sohd edujdlqlqj/ ulvn dyhuvlrq/ Lwdoldq wd{ v|vwhp1
MHO Fodvvl￿fdwlrq= G;4/ K591
4L q w u r g x f w l r q
Wklv sdshu prghov wd{sd|huv uhdfwlrqv wr d wd{ dpqhvw| wkdw kdv wkh iroorzlqj fkdudfwhulvwlfv=
l, lw rffxuv diwhu uhsruwv kdyh ehhq pdgh dqg ehiruh dxglwv ehjlq>
ll, lw lv qrw dqwlflsdwhg e| wd{sd|huv>
lll, lw pd| eh hqwhuhg e| sd|lqj d {hg dprxqw lq rughu wr dyrlg wd{ dxglwv1
Lq Lwdo| wkhuh kdyh ehhq dpqhvwlhv lq zklfk d {hg sd|phqw zdv uhtxhvwhg1 Wkh| zhuh whuphg
exuldo/ dv sduwlflsdqwv glg qrw qhhg wr dphqg wkhlu lqfrph uhsruw/ exw mxvw sd| d {hg dprxqw1
Hfrqrplf wkhru| ri sohd edujdlqlqj h{sodlqv zk| wkh wd{ dgplqlvwudwlrq frxog uhqrxqfh wkh
dxglwlqj dqg wkh dsso|lqj ri vdqfwlrqv wr wd{sd|huv zkr djuhh wr pdnh dgglwlrqdo {hg sd|phqwv1
￿Zh zlvk wr wkdqn Oxlvd Wlelohwwl iru xvhixo vxjjhvwlrqv derxw wkh irupxodwlrq ri wkh prgho1 Hqulfr Idvrolv
surylghg dvvlvwdqfh lq gdwd froohfwlrq dqg hoderudwlrq1 Wkh xvxdo glvfodlphu dssolhv1
|Ghsduwphqw ri Sxeolf Srolf| dqg Sxeolf Fkrlfh Srolv/ Xqlyhuvlw| ri Hdvwhuq Slhgprqw Dphghr Dyrjdgur/F 1v rW 1
Eruvdolqr 83/ 48433 Dohvvdqguld/ Lwdo|1 Skrqh= .6<0346405;6:78> id{= .6<034640596363> h0pdlo= fduodChfrq1xqlwr1lw
}Ghsduwphqw ri Sxeolf Srolf| dqg Sxeolf Fkrlfh Srolv/ Xqlyhuvlw| ri Hdvwhuq Slhgprqw Dphghr Dyrjdgur/F 1
vr W1 Eruvdolqr 83/ 48433 Dohvvdqguld/ Lwdo|1 Skrqh= .6<0346405;6:78> id{= .6<034640596363> h0pdlo= sulyl0
ohjCvs1do1xqlspq1lw1
4Fkx ^;` kdv srlqwhg rxw wkdw d v|vwhp rhulqj wd{sd|huv wkh srvvlelolw| ri pdnlqj d {hg sd|phqw wr
dyrlg wd{ dxglwv uhvhpeohv sohd edujdlqlqj lq fulplqdo surfhhglqjv1 Wkh| erwk surylgh rssruwxqlw|
iru dyrlglqj frqwurov +l1h1 dxglwv iru wd{sd|huv dqg wuldov iru wkh dffxvhg, dqg wkh vdqfwlrqv wkdw pd|
iroorz/ lq h{fkdqjh iru d frpshqvdwlrq1 Wkh frqvhtxhqfhv/ xqghu jlyhq frqglwlrqv/ duh ehqhfldo
iru vrfldo zhoiduh1 Pruh vshflfdoo|/ dffruglqj wr Jurvvpdq dqg Ndw} ^49`/ sohd edujdlqlqj shuirupv
d mxvw vhohfwlrq1 Wkh lqglfwhg jxlow| dffhsw wr sohdg jxlow|/ zkhuhdv wkh lqqrfhqw rqhv jr wr wuldo1
Wkh dpqhvw| frqvlghuhg lq wklv sdshu vhohfwv elj hydghuv/ wkdw lv/ shrsoh zkrvh hydvlrq olhv deryh
d jlyhq wkuhvkrog/ dqg h{wudfwv uhvrxufhv iurp wkhp1
Wkh sdshu surylghv d vlpsoh prgho iru fdofxodwlqj wkh h{wud sd|phqw wkdw d wd{sd|hu/ zkr
sduwldoo| hydghg wkh lqfrph wd{ exw kdv qrw ehhq dxglwhg |hw/ zrxog djuhh wr pdnh lq rughu wr
uhjxodul}h klv srvlwlrq1
Wkh prgho ri wd{sd|hu ehkdylru/ edvhg rq wkh Yrq Qhxpdqq0Prujhqvwhuq h{shfwhg xwlolw|
wkhru| +HX,/ lv suhvhqwhg lq Vhfwlrq 51 Wklv prgho lv xvhg lq Vhfwlrqv 6 dqg 7 wr hvwlpdwh/ wkurxjk
d ghwhuplqlvwlf dssurdfk/ wkh hydghg lqfrph dqg wkh ulvn dyhuvlrq ri wkh pdujlqdo wd{sd|hu zkr
dffhswhg wkh dpqhvwlhv rhuhg e| wkh Lwdoldq wd{ dgplqlvwudwlrq lq 4<<4 dqg lq 4<<71 Lq Vhfwlrq
9 dowhuqdwlyh hvwlpdwhv duh fdofxodwhg zlwk uhihuhqfh wr wkh HXUGS +H{shfwhg Xwlolw| zlwk Udqn
Ghshqghqw Suredelolw|, dssurdfk4 +vhh/ h1j1 ^43`,1 Doo hvwlpdwlrq uhvxowv duh glvfxvvhg lq wkh
Frqfoxglqj Uhpdunv1
Wkh pdlq qglqj ri wkh sdshu lv wkdw HX zrunv uhdvrqdeo| zhoo iru ghvfulelqj wkh ehkdylru
ri dpqhvw| sduwlflsdqwv1 Krzhyhu/ olnh lq vwdqgdug hfrqrplf dqdo|vlv ri wd{dwlrq/ dq +xqwhqdeoh,
dvvxpswlrq ri lqqlwh ulvn dyhuvlrq zrxog eh qhhghg iru ghvfulelqj wkurxjk wkh vdph prgho wkh
ehkdylru ri ixoo frpsolhuv +zkr uhixvh wkh dpqhvw|,1 HXUGS/ frxsohg zlwk vrfldo prwlydwlrqv/
shuirupv ehwwhu wr prgho wkh ehkdylru ri ixoo frpsolhuv1 Djhqw*v khwhurjhqhlw| frxog h{sodlq zk|
hdfk prgho frqvlghuhg dssolhv rqo| wr d vxevhw ri wd{sd|huv1
5 Wkh Ulvn Dyhuvh Wd{0Hydghu
Ohw xv frqvlghu d wd{sd|hu zkr kdv dq h{srqhqwldo xwlolw| ixqfwlrq
E'e
3k￿
zlwk frqvwdqw devroxwh ulvn dyhuvlrq k:f/ dqg lqfuhdvlqj uhodwlyh ulvn dyhuvlrq1 Wkh fkrlfh ri
vxfk d ixqfwlrq lv pdlqo| glfwdwhg e| dqdo|wlfdo frqyhqlhqfh1 Dw dq| udwh/ lqfuhdvlqj uhodwlyh ulvn
dyhuvlrq kdv ehhq irxqg wr eh lq dffrugdqfh zlwk gdwd iru dvvhwv sulflqj ^53` dqg iru elgv lq wkh
Wuhdvxu| eloo dxfwlrqv ^58`1 Dv idu dv wd{dwlrq lv frqfhuqhg/ lqfuhdvlqj uhodwlyh ulvn dyhuvlrq/ dqg
wkxv ghfuhdvlqj sursruwlrqdo hydvlrq/ lv vxssruwhg e| vrph hpslulfdo hylghqfh +h1j1 ^7`, dqg lv lq
dffrugdqfh zlwk wkh zlgho| vkduhg rslqlrq wkdw ulfkhu shrsoh odujho| uhvruw wr ohjdo wd{ dyrlgdqfh
dv d vxevwlwxwh iru wd{ hydvlrq1
Ohw xv lqwurgxfh wkh lqjuhglhqwv iru vhwwlqj xs d ghflvlrq prgho ghvfulelqj wkh ehkdylru ri d
udwlrqdo wd{sd|hu zkr sduwldoo| hydghv klv lqfrph wd{1 Zh ghqrwh e| ` wkh wd{sd|hu*v wuxh wd{deoh
lqfrph dqg e| f wkh uhsruwhg lqfrph1 D surjuhvvlyh wd{ v|vwhp lv frqvlghuhg/ zkhuh wkh lqfrph
4HXUGS dvvxphv wkdw wkh djhqw duudqjhv wkh rxwfrphv +lq wklv fdvh= qhw lqfrph ohyhov, lq lqfuhdvlqj rughu/
dqg kdv d shufhswlrq ri wkh suredelolw| ri wkhlu rffxuuhqfh ghiruphg dffruglqj wr wkhlu udqn1 Wklv pd| ohdg wr
dq ryhuhvwlpdwlrq ri vpdoo suredelolwlhv ri idflqj glvdssrlqwlqj rxwfrphv1 Vshfl￿fdoo|/ lq wkh ￿hog ri wd{dwlrq/ lw
surgxfhv dq ryhuhvwlpdwlrq ri wkh suredelolw| ri ehlqj ghwhfwhg/ zklfk pd| prwlydwh d odujhu frpsoldqfh1
5wd{ lv dssur{lpdwhg e| wkh iroorzlqj ixqfwlrq=
AEf'f
Bc +4,
zkhuh f 		 dqg B: duh sdudphwhuv vxfk wkdw/ iru hdfk jlyhq `/ `: f B> l1h1/w k hw u x h
lqfrph pxvw dozd|v eh kljkhu wkdq wkh dprxqw ri wd{ wr eh sdlg1 Wklv lpsolhv wkdw rxu prgho lv
ghqhg iru f 	`	
3 ￿
B3￿1 ` lv dvvxphg wr eh h{rjhqrxv5 dqg vxfk wkdw `  f1 Zh dvvxph
wkdw wkh wd{sd|hu zkr fkrrvhv wr hydgh wd{hv/ zkloh oolqj lq klv lqfrph wd{ irup/ ljqruhv wkh
srvvlelolw| wkdw d wd{ dpqhvw| pd| iroorz1 Wkhuhiruh/ kh pd{lpl}hv klv h{shfwhg xwlolw|











zlwk uhvshfw wr f/z k h u hf 	R	 lv wkh dxglw suredelolw| dqg }: lv d shqdow| udwh61
Vlqfh zh duh frqvlghulqj rqo| sduwldo hydghuv/ wkh rswlpdo dprxqw ri lqfrph uhsruwhg fW pxvw


























pxvw krog> zkloh/ rq wkh rwkhu vlgh/ zh qhhg wr h{foxgh ixoo frpsoldqfh fW ' ` +lq zklfk fdvh qr




wkdw uhgxfhv wr R	} 3￿1
Qrz vxssrvh wkdw/ ehiruh wkh wd{sd|hu kdv ehhq dxglwhg/ wkh wd{ dgplqlvwudwlrq rhuv klp wkh
srvvlelolw| ri sd|lqj wkh {hg dprxqw  lq rughu wr dyrlg zlwk fhuwdlqw| dq| dssolfdeoh vdqfwlrq1
Ljqrulqj/ iru wkh vdnh ri vlpsolflw|/ lqwhu0whpsrudo glvfrxqwlqj/ dqg dvvxplqj wkdw qr rwkhu uhohydqw
yduldeohv +h1j1/ wd{deoh lqfrph/ shqdow| udwh/ hwf1, kdv fkdqjhg lq wkh phdqwlph/ wkh wd{sd|hu zloo
dffhsw wkh rhu li kh lv dw ohdvw lqglhuhqw dv zkhwkhu wr sd| wkh dprxqw  ru vwd| lq klv srvlwlrq
ri sduwldo hydghu1 Wkxv/ iru d srvlwlyh uhdfwlrq/ wkh iroorzlqj frqglwlrq pxvw eh phw=
e












Li wkh lqglhuhqfh frqglwlrq krogv/ wkdw lv zkhq htxdolw| krogv/ wkh ohiw kdqg vlgh fdq eh vhhq dv wkh
xwlolw| ri wkh hydghu zkr pdnhv wkh dgglwlrqdo sd|phqw/ zkloh wkh uljkw kdqg vlgh lv wkh h{shfwhg
5Wklv vwurqj dvvxpswlrq/ pdgh iru wkh vdnh ri vlpsolflw|/ uxohv rxw dq| gluhfw h￿hfw ri wd{dwlrq xsrq ghflvlrqv
derxw zrun dqg ohlvxuh/ dqg dovr wkh lqgluhfw h￿hfwv ri wkh h{shqglwxuh ri wd{ uhyhqxh1
6Khuh/ sdudphwhu j vxevwlwxwhv wkh pruh zlgho| xvhg whup +4 . v,= l1h1/ dv lq vwdqgdug wd{ hydvlrq prghov/ wkh
ghwhfwhg hydghu kdv wr sd| erwk wkh gxh wd{ dqg wkh shqdow| v wlphv wkh hydghg wd{1
6xwlolw| ri wkh hydghu zkr grhv qrw1 Reylrxvo|/ wr phhw wklv frqglwlrq/ wkh h{wud sd|phqw  pxvw







Wkh ixoo sureohp ri d wd{sd|hu zkr phhwv wkh frqglwlrqv iru sduwlflsdwlqj lq wkh dpqhvw| lv wkxv
frpsohwho| ghvfulehg e| wkh iroorzlqj v|vwhp=
;
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Wklv lv d vwdwlf prgho zkhuh wkh djhqw/ uhsuhvhqwhg e| d jlyhq xwlolw| ixqfwlrq/ idfhv wzr jdpeohv=
wkh wd{ hydvlrq orwwhu| dqg wkh dpqhvw| orwwhu|71
Xqghu frqglwlrqv +7,/ +8, dqg +:,/ wkh v|vwhp +;, fdq eh vroyhg iru yduldeohv k dqg `1 Lq idfw/
wkh vhfrqg lqhtxdolw| fdq eh vlpsolhg lqwr ek￿    R n Re
k}￿E‘B3fWB dqg wkxv/ e| vxevwlwxwlqj
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Qrwh wkdw/ wkdqnv wr wkh dvvxpswlrq ri frqvwdqw devroxwh ulvn dyhuvlrq/ rqo| ulvn dyhuvlrq sdudphwhu
k pdwwhuv= wd{sd|huv lqwhuhvwhg lq dffhswlqj wkh rhu pxvw kdyh dq devroxwh ulvn dyhuvlrq htxdo
wr ru orzhu wkdq wkh wkuhvkrog 	 k1 Pruh ulvn dyhuvh wd{sd|huv gr qrw hydgh hqrxjk wr pdnh wkh
dgglwlrqdo sd|phqw  zruwkzkloh iru wkhp1 Frqvhtxhqwo|/ iurp +<, lw iroorzv wkdw/ iru d jlyhq ydoxh
ri fW/ sduwlflsdqwv zloo kdyh d wuxh lqfrph ` htxdo wr ru kljkhu wkdq wkh wkuhvkrog 	 `/w k d wl v /
wkhlu shufhqwdjh hydvlrq pxvw eh htxdo wr ru kljkhu wkdq 	 `3￿E 	 `  fW1
Wr idflolwdwh frpsdulvrq zlwk dydlodeoh hpslulfdo hylghqfh/ lq wkh iroorzlqj vhfwlrqv zh fdo0
fxodwh wkh uhodwlyh ulvn dyhuvlrq 	 kE 	 ` fWB ri pdujlqdo dpqhvw| sduwlflsdqwv1 Uhfdoo krzhyhu
wkdw/ zlwk dq h{srqhqwldo xwlolw| ixqfwlrq/ uhodwlyh ulvn dyhuvlrq fkdqjhv zlwk lqfrph/ dqg wkxv wkh
fdofxodwhg uhodwlyh ulvn dyhuvlrq lv uhihuuhg wr wkh lqfrph ohyho E 	 ` fWB wkdw wkh wd{sd|hu kdv
zkhq wkh dpqhvw| lv rhuhg1
Wkh phfkdqlvp frqvlghuhg lq wkh prgho lv uhplqlvfhqw ri sohd edujdlqlqj iru fulplqdo rhqvhv1
Rhu / lqghhg/ vhohfwv jxlow| wd{sd|huv +wkrvh zkr hydghg dprxqwv kljk hqrxjk wr mxvwli|
sduwlflsdwlrq,/ dqg lv uhixvhg e| lqqrfhqw rqhv +wkrvh zkr hydghg vpdoohu dprxqwv,1
Dv  lqfuhdvhv/ wkh wkuhvkrog wuxh lqfrph lqfuhdvhv1 Wkxv wkhuh lv d wudgh0r ehwzhhq udlvlqj
dpqhvw| uhyhqxh iurp d ihz ulfk sduwlflsdqwv +zlwk kljk lqglylgxdo sd|phqwv, ru iurp yluwxdoo| doo
wkh wd{ hydghuv +zlwk vpdoo lqglylgxdo sd|phqwv,1
7Wd{ uhsruwlqj dqg sduwhflsdwlqj lq dpqhvwlhv surylgh d vruw ri qdwxudo h{shulphqw wkdw sdudoohov d whfqltxh
zlgho| xvhg lq oderudwru|/ zkhuh lq d vhvvlrq sduwlflsdqwv idfh pdq| orwwhulhv/ dqg wkhlu uhdfwlrqv duh xvhg wr lqihu
wkhlu suhihuhqfhv1 Iru d uhfhqw h{dpsoh/ vhh ^4;‘1
7Wkh prgho lv ryhuvlpsolhg lq dvvxplqj wkdw wd{sd|huv duh qrw dw doo dzduh wkdw d qhz rhu zloo
eh pdgh zkhq wkh| oo lq wkhlu wd{ uhsruw1 Li/ rq wkh frqwudu|/ wd{sd|huv zhuh wr shuihfwo| dqwlflsdwh
wkh ixwxuh dpqhvw| rhu/ wkh| frxog wdnh wkh pd{lpxp ehqhw iurp lw e| uhsruwlqj qrwklqj1 Wkdw
lv/ wd{sd|huv zrxog frqvlghu wkh dpqhvw| dv dq dowhuqdwlyh wr wd{ frpsoldqfh/ dqg hlwkhu sduwlflsdwh
lq wkh dpqhvw| zkloh uhsruwlqj qrwklqj/ ru ljqruh wkh dpqhvw| dowrjhwkhu/ uhsruwlqj dv pxfk dv lq
htxdwlrq +6,/ ghshqglqj rq zkhwkhu wkh ohyho ri  vdwlvhv +9, ru qrw1 Uhdolw| lv suredeo| vrphzkhuh
lq ehwzhhq wkhvh wzr fdvhv1 Prghov wkdw frqvlghu wd{sd|huv* dqwlflsdwlrq +vhh iru h{dpsoh ^4` dqg
^9`, jhqhudoo| suhglfw juhdwhu wd{ hydvlrq dqg odujhu dpqhvw| sduwlflsdwlrq wkdq zlwk xqdqwlflsdwhg
dpqhvwlhv1 Wkhuhiruh/ rqh pd| dujxh wkdw wkh wuxh ulvn dyhuvlrq ri wkh pdujlqdo sduwlflsdqw zloo eh
vrphzkdw kljkhu wkdq 	 k/ vlqfh dovr pruh ulvn dyhuvh wd{sd|huv gduh wr hydgh vrphwklqj zkhq wkh|
ihho wkdw dq dpqhvw| lv olnho| wr rffxu1
6 Wkh 4<<4 Wd{ Dpqhvw|
Lwdoldq Odz qr1 74624<<4 lqwurgxfhg d jhqhudo wd{ dpqhvw| uhjduglqj wkh pdlq Lwdoldq wd{hv1 Wklv
dpqhvw| zdv frqvlghuhg d vxffhvv lq whupv ri sduwlflsdwlrq dqg uhyhqxh1 Uhyhqxh +froohfwhg lq wkh
|hduv 4<<5 dqg 4<<6,/ zhoo deryh jryhuqphqw iruhfdvwv/ dprxqwhg wr derxw :/333 ploolrq XV grooduv
+4<<; h{fkdqjh udwh,1 Sduwlflsdwlrq zdv kljko| frqfhqwudwhg dprqj wd{sd|huv zlwk vhoi0hpsor|phqw
dqg exvlqhvv lqfrph +zkhuh lw hqfrpsdvvhg 73( ri wkrvh zkr kdg ohg d wd{ uhsruw,/ zkloh lw zdv
vfdqw| dprqj zdjh hduqhuv1
614 Sdudphwhuv ri wkh Prgho
Lq wkh iroorzlqjv/ zh dvvhvv wkh ydoxhv ri wkh sdudphwhuv qhhghg wr vroyh v|vwhp +;,1
Wr holflw sdudphwhu / ohw xv frqvlghu wkh surylvlrqv ri dpqhvw| odz shuwdlqlqj wr wkh lqfrph wd{1
Iru wd{sd|huv qrw |hw dxglwhg/ sdu1 6; glfwdwhv uxohv iru fdofxodwlqj wkh h{wud sd|phqw qhfhvvdu|
wr hqwhu wkh dpqhvw| +l1h1 iru fdofxodwlqj ,1 Wkh| duh vxppdul}hg lq Wdeoh 41 Lq rughu wr h{wudfw
hdfk wd{sd|hu*v zloolqjqhvv wr sd|/ wkh Lwdoldq ohjlvodwru wulhg wr dssursuldwho| { glhuhqw dprxqwv
ri / h{sorlwlqj wkh lqirupdwlrq frqyh|hg e| klv lqfrph uhsruw1 Dv d uhvxow/  wxuqv rxw wr eh dq
lqfuhdvlqj ixqfwlrq ri uhsruwhg lqfrph fW +vhh Iljxuh 4,1
Wdeoh 4 Uxohv iru fdofxodwlqj sd|phqw  lq wkh 4<<4 Lwdoldq Wd{ Dpqhvw|
Eudfnhwv ri sdlg wd{ H{wud sd|phqw gxh
304 3 53( ri wkh sdlg wd{ +zlwk
d plqlpxp ri 314ploolrqv ri
Lwdoldq Oluh,,
43073 4;( ri wkh sdlg wd{
:73 48( ri wkh sdlg wd{
Qrwh= wkh ￿{hg plqlpxp sd|phqw +iru }hur sdlg wd{, zdv kljkhu iru exvlqhvv dqg vhoi0hpsor|phqw lqfrph1
Sd|phqw  zdv gxh iru hdfk |hdu iru zklfk wkh dpqhvw| zdv hqwhuhg/ iurp 4<;8 wr 4<<31
Wd{sd|huv zhuh wr sduwlflsdwh iru doo wkh |hduv fryhuhg e| wkh dpqhvw| lq zklfk wkh| kdg qrw ehhq
dxglwhg +d nlqg ri w|lqj,1 Wkrvh zkr kdg qrw oohg lq dq lqfrph uhsruw frxog qrw sduwlflsdwh lq
wkh dpqhvw|1
8Wr fdofxodwh  iru d wd{sd|hu zkr uhsruwhg d jlyhq lqfrph/ zh qhhg wr fdofxodwh klv lqfrph wd{/
dffruglqj wr ixqfwlrq +4,1 Sdudphwhuv  dqg B ri ixqfwlrq +4, kdyh ehhq hvwlpdwhg zlwk uhihuhqfh wr
wkh lqfrph wd{hv gxh shu lqfrph eudfnhw/ iru hdfk |hdu iru zklfk dpqhvw| frxog eh hqwhuhg= wkh|
duh uhsruwhg lq wkh Dsshqgl{1
Ohw xv frqvlghu qrz sdudphwhu }1 Zkhq irxqg jxlow| ri wd{ hydvlrq/ wkh wd{sd|hu dovr riwhq ehduv
frvwv ehvlghv prqhwdu| vdqfwlrqv +olnh ohjdo ghihqvh/ orvv lq uhsxwdwlrq/ hwf1,1 Khqfh/ wr frqwudvw d
olnho| xqghuhvwlpdwlrq dulvlqj iurp wkh idfw wkdw zh fdq uho| rqo| rq wkh ohjdoo| surylghg vdqfwlrqv/
wkh kljkhvw prqhwdu| ohjdo vdqfwlrq lv frqvlghuhg/ zklfk lq wkh uhohydqw shulrg zdv irxu wlphv wkh
hydghg wd{ +iru dq lqfrpsohwh wd{ uhsruw,1 Wkxv/ uhfdoolqj wkdw wkh wd{sd|hu pxvw dovr sd| wkh
hydghg wd{/ wkh ydoxh ri sdudphwhu } kdv ehhq vhw dw 81
Wkh dxglw udwh8 lq Lwdo| lq wkh uhohydqw |hduv kdv ehhq durxqg 4(> wklv lv wkxv wkh ydoxh xvhg
iru sdudphwhu R1
615 Wkh Zrunlqj ri wkh Prgho
Iljxuhv 4 dqg 5 looxvwudwh dq dssolfdwlrq ri rxu prgho e| xvlqj 4<<3 sdudphwhuv1









































































































































































































abs. risk aversion 
coefficient=0.00000007
abs. risk aversion 
coefficient= 0.0000002
payment C due
Lq Iljxuh 4 wkh vxsso| fxuyh +sd|phqw  gxh, lqglfdwhv wkh h{wud sd|phqw uhtxhvwhg e| wkh
jryhuqphqw/ dv d ixqfwlrq ri uhsruwhg lqfrph/ rq wkh edvlv ri wkh uxohv ghvfulehg lq Wdeoh 41
Krul}rqwdo olqhv uhihu wr wkh zloolqjqhvv wr sd| ri wzr wd{sd|huv fkdudfwhul}hg e| glhuhqw ghjuhhv
ri devroxwh ulvn dyhuvlrq/ qdpho| 2f  f3. dqg .f  f3H/ lq rughu wr hqwhu wkh dpqhvw|1 Dv wkh
xwlolw| ixqfwlrq frqvlghuhg lv ri FDUD w|sh/ wkh zloolqjqhvv wr sd| grhv qrw ydu| zlwk lqfrph/ dqg
ghshqgv rqo| rq R/ } +zkrvh ydoxhv zhuh vhw htxdo wr 3134 dqg 8 uhvshfwlyho|, dqg k1D vd o u h d g |
fodulhg/ wkh zloolqjqhvv wr sd| ghfuhdvhv dv ulvn dyhuvlrq lqfuhdvhv1 Lq Iljxuh 4/ iru h{dpsoh/ wkh
pruh ulvn dyhuvh wd{sd|hu lv zloolqj wr pdnh dq dpqhvw| sd|phqw ri durxqg rqh ploolrq Lwdoldq oluh
8Iru gdwd derxw frqwurov/ vhh Plqlvwhur ghooh Ilqdq}h/ X!flr gl Vwdwlvwlfd/ Dffhuwdphqwl h￿hwwxdwl dl ￿ql ghooh
lpsrvwh gluhwwh/ Urpd/ ydulrxv lvvxhv1
9+ d u r x q g9 3 3X Vg r o o d u v , 1 K l vu h s r u w h gl q f r p hf d qe ho r f d w h gr qw k h% d{lv ri Iljxuh 4/ dqg lv
durxqg f ploolrq ri Lwdoldq oluh1



















































abs. risk aversion 
coefficient= 7.0x10
-8 threshold
a bs. risk a ve rsion 
coefficient= 2.0x10
-7
Iljxuh 5 frqvlghuv wkh vdph wd{sd|huv dv lq Iljxuh 4 dqg vkrzv wkhlu rswlpdo uhsruwhg lqfrphv/
lqfuhdvlqj lq wkhlu wuxh lqfrph1 Wkh lqwhuvhfwlrq ri wkh ohiw rswlpdo uhsruwhg lqfrph fxuyh zlwk
wkh dfwxdo uhsruwhg lqfrph ri f ploolrqv ri Lwdoldq oluh +dv ghwhuplqhg lq Iljxuh 4,/ lqglfdwhv
wkh wkuhvkrog wuxh lqfrph rq wkh devflvvd1 Dpqhvw| sduwlflsdwlrq lv dovr dgydqwdjhrxv iru rwkhu
wd{sd|huv/ zlwk wkh vdph uhsruwhg lqfrph/ exw juhdwhu wuxh lqfrph dqg vpdoohu ulvn dyhuvlrq/ zkrvh
uhsruwhg lqfrph fxuyhv od| rq wkh uljkw vlgh ri wkh wkuhvkrog1
Zkloh Iljxuhv 4 dqg 5 duh gudzq iru jlyhq ohyhov ri wuxh lqfrph ` dqg ulvn dyhuvlrq k/g d w d
dydlodeoh rqo| doorz iru hvwlpdwhv edvhg rq dq lqyhuvh irupxodwlrq ri wkh prgho1 Yduldeohv k dqg
` dfwxdoo| duh wkh xqnqrzqv9/ zkloh yduldeohv  dqg f 0 wkh dpqhvw| sd|phqw dqg wkh uhsruwhg
lqfrph 0 duh nqrzq1
Lw lv zruwk wr uhpdun wkdw wkh 4<<4 wd{ dpqhvw| lqfrusrudwhv d vlpsoh htxlw| fulwhulrq1 Wdeoh 4
vkrzv wkdw wkh uhtxhvwhg dpqhvw| sd|phqw  lv d olqhdu ixqfwlrq ri wkh wd{ sd|hg/
 ' &f
WBc +43,
zkhuh frh!flhqwv & fkdqjh zlwk wkh eudfnhw1 E| soxjjlqj +43, lq +<,/ lw lv uhdglo| vhhq wkdw wkh
wkuhvkrog shufhqwdjh wd{ hydvlrq lv frqvwdqw zlwklq hdfk eudfnhw/ exw zlwk orzhu ydoxhv iru kljkhu
eudfnhwv1 Wklv idyruv d odujhu dpqhvw| sduwlflsdwlrq dw kljkhu uhsruwhg lqfrph ohyhov1
616 Hvwlpdwlrq Uhvxowv
Iru hyhu| dprxqw  uhtxhvwhg/ lw lv srvvleoh wr fdofxodwh wkuhvkrog shufhqwdjh hydvlrq/ dqg ulvn dyhu0
vlrq qhhghg iru sduwlflsdwlrq lq wkh dpqhvw|1 Hvwlpdwlrq ri wkh prgho kdv krzhyhu ehhq shuiruphg
9Dv pdwwhu ri idfw/ FDUD dvvxpswlrq rq xwlolwlhv uhgxfhv wkh sureohp wr mxvw rqh xqnqrzq/ wkh devroxwh ulvn
dyhuvlrq ￿1
:rqo| iru vrph uhsuhvhqwdwlyh wd{sd|huv1 Wdeoh 5 uhihuv wr= d, d wd{sd|hu hqgrzhg zlwk dyhudjh
qhw uhsruwhg lqfrph/ dqg zkr hqmr|v dyhudjh ghgxfwleohv> e, d wd{sd|hu hqgrzhg zlwk dyhudjh
qhw uhsruwhg exvlqhvv lqfrph:> f, d wd{sd|hu hqgrzhg zlwk dyhudjh qhw uhsruwhg vhoi0hpsor|phqw
lqfrph;1 Doo wkh wd{sd|huv frqvlghuhg sdlg d wd{ zklfk ehorqjv wr wkh uvw eudfnhw ri Wdeoh 41
Wkh wkuhvkrog hydvlrq lq wkh h{dpsohv h{dplqhg lv dozd|v durxqg 63( ri wkh wuxh lqfrph/ dv
fkdqjhv lq wd{ sdudphwhuv kdyh d qhjoljleoh hhfw1 Wkuhvkrog shufhqwdjh hydvlrq vkrxog ehfrph
vrphzkdw orzhu dw kljkhu uhsruwhg lqfrph ohyhov/ ehfdxvh ri wkh  dwwhqlqj ri wkh  ixqfwlrq +vhh
Wdeoh 4,1
Wr urxjko| dvvhvv wkh uhvxowv/ wkh fdofxodwhg shufhqwdjh hydvlrq fdq eh frpsduhg zlwk dydlodeoh
hydvlrq hvwlpdwhv<1 Iru wkh dyhudjh Lwdoldq wd{sd|hu dqg wkh uhohydqw wlph shulrg/ wkh plqlpxp
hydvlrq hvwlpdwh lv 4<1<(/ wkh pd{lpxp 69(1 Iru vhoi0hpsor|phqw dqg exvlqhvv lqfrph/ wkh
fruuhvsrqglqj ydoxhv duh 751<( 0 8;14(1 Iru lqfrph iurp zdjh ru shqvlrq/ hydvlrq lv uhodwlyho|
txlwh orz +;14( 0 4914(,1
Wdeoh 5 Hvwlpdwlrq uhvxowv +4<<4 wd{ dpqhvw|,






















4<;8 46169 8157 451;3 8163 49143 718;
4<;9 4714; 81<8 46153 913: 4:193 818;
4<;: 4816: 81;4 47133 81<: 4<193 8174
4<;; 491:7 8199 48183 81:< 56143 8148
4<;< 4;15: 9149 4:1<5 9153 581;7 818<
4<<3 4<178 914: 4;153 915< 5;138 818:
Qrwh= lqfrph lq ploolrqv ri Lwdoldq oluh1
F d v hd@w d { s d | h uh q g r z h gz l w kd y h u d j hq h wu h s r u w h gl q f r p h /d q gz k rh q m r | vd y h u d j hg h g x f w l e o h v 1
F d v he@w d { s d | h uh q g r z h gz l w kd y h u d j hq h wu h s r u w h ge x v l q h v vl q f r p h 1
F d v hf@w d { s d | h uh q g r z h gz l w kd y h u d j hq h wu h s r u w h gv h o i 0 h p s o r | p h q wl q f r p h 1
Wkh uhvxowv wkxv vkrz/ iru wkh dyhudjh wd{sd|hu/ d shufhqwdjh hydvlrq +qhhghg wr ohw wkh dpqhvw|
zruwk hqwhulqj, zklfk lv forvh wr wkh wrs ydoxhv fdofxodwhg e| rwkhu vwxglhv/ zkloh iru wkrvh hqgrzhg
zlwk wkh dyhudjh exvlqhvv ru vhoi0hpsor|phqw lqfrph lw lv ehorz wkh erwwrp ydoxh1 Lq idfw/ dpqhvw|
zdv vhohfwlyh/ dqg wkh sduwlflsdqwv zhuh doprvw h{foxvlyho| exvlqhvvphq ru vhoi0hpsor|hg1 Wklv idfw
lv urxjko| frqvlvwhqw zlwk wkh lghd wkdw wkh dpqhvw| +zkhwkhu lqwhqwlrqdoo| ru qrw, zdv wdujhwhg
iru vshflf kljk hydvlrq jurxsv1
Dv idu dv uhodwlyh ulvn dyhuvlrq lv frqfhuqhg/ udwkhu kljk ydoxhv iru wkh pdujlqdo hqwudqwv duh
hvwlpdwhg1 Rqh pxvw uhphpehu krzhyhu wkdw wkhvh duh kljkhu erxqgv= wd{sd|huv fkdudfwhul}hg e|
orzhu ulvn dyhuvlrq frh!flhqwv zrxog kdyh qhw jdlqv iurp sduwlflsdwlqj lq wkh dpqhvw|1
:Wkh dyhudjh ydoxh lv fdofxodwhg zlwkrxw wdnlqj lqwr dffrxqw wd{sd|huv zkr uhsruw }hur lqfrph/ dqg uhihuv wr
hqwuhsuhqhxuv lq ruglqdu| wd{ uhjlph +wkxv h{foxglqj fdvhv ri iruihlw hwf1,1
;Wkh dyhudjh ydoxh lv fdofxodwhg zlwkrxw wdnlqj lqwr dffrxqw wd{sd|huv zkr uhsruw }hur lqfrph/ dqg uhihuv wr doo
w|shv ri vhoi0hpsor|phqw1
<Iru vxuyh|v/ vhh ^5‘ dqg ^4<‘1
;D pruh gluhfw lqglfdwru ri wkh pdujlqdo sduwlflsdqw*v dwwlwxghv wrzdug ulvn lv rewdlqhg e| glylglqj
wkh dpqhvw| sd|phqw  e| wkh h{shfwhg vdqfwlrq R}

`B  fWB
1 Sd|phqw  wxuqv rxw wr eh
9197 wlphv wkh h{shfwhg vdqfwlrq lq doo fdvhv frqvlghuhg +zklfk lv mxvwlhg e| ulvn dyhuvlrq,/ zkloh
lw lv rqo| rqh wklug ri wkh hydghg wd{hv1
7 Hvwlpdwhv iru wkh 4<<7 Wd{ Dpqhvw|
Wkh dpqhvw| surylghg e| Odz 98924<<7 +frqfrugdwr gl pdvvd, zdv uhvhuyhg iru hqwuhsuhqhxuv dqg
wkh vhoi hpsor|hg1 Lw kdv dovr ehhq frqvlghuhg d vxffhvv lq whupv ri uhyhqxh dqg sduwlflsdwlrq1
Uhyhqxh uhdfkhg derxw 8/333 ploolrq grooduv +froohfwhg lq wkh |hduv 4<<804<<9> h{fkdqjh udwh 4<<;,
dqg zdv kljkhu wkdq iruhfdvw1 Uxohv uhjxodwlqj wklv dpqhvw| surylghg iru d fkhdshu hqwudqfh wkdq
lq 4<<4 +pdlqo| ehfdxvh wkhuh zdv qr w|lqj,/ dqg wklv pd| h{sodlq zk| wkh uhyhqxh zdv orzhu1 Wkh
dpqhvw| frxog eh hqwhuhg iru wkh |hduv 4<;:04<<6/ exw iru wkh |hduv 4<;:04<<3 +douhdg| fryhuhg e|
wkh 4<<4 dpqhvw|, lw zdv dydlodeoh rqo| wr wkrvh zkr kdg qrw sduwlflsdwhg lq wkh suhylrxv dpqhvw|
rq wkh edvlv ri sdu1 6; ri Odz qr1 74624<<41
Wdeoh 6 Hvwlpdwlrq uhvxowv iru d wd{sd|hu hqgrzhg zlwk phgldq exvlqhvv lqfrph iurp
pdqxidfwxulqj lqgxvwu| +4<<7 wd{ dpqhvw|,






4<;: 4<165 64 :195
4<;; 5314: 65 :177
4<;< 551<; 66 :1:<
4<<3 57166 66 :1;8
4<<4 58164 66 :14:
4<<5 63165 59 ;165
Wr fdofxodwh  lq wklv fdvh/ wkh jryhuqphqw uvw hvwlpdwhg wkh wd{sd|hu frqfhdohg lqfrph43/d q gw k h q
dvnhg wkh wd{sd|huv wr sd| wkh lqfrph wd{ gxh rq wkh edvlv ri vxfk hvwlpdwlrq/ soxv wkh shqdowlhv/
zkrvh dprxqw zdv krzhyhu uhgxfhg ehorz wkh ruglqdu| ohyho441 Dovr zlwk uhihuhqfh wr wklv dpqhvw|/
d udwlrqdo wd{sd|hu zrxog uhdfw wr wkh jryhuqphqw sursrvdo dffruglqj wkh prgho suhvhqwhg lq Vhfwlrq
51
Hvwlpdwhv duh uhsruwhg lq Wdeoh 61 Uhvxowv shuwdlqlqj wr wkuhvkrog ulvn dyhuvlrq dqg shufhqwdjh
hydvlrq frqup wkrvh uhdfkhg iru wkh 4<<4 wd{ dpqhvw|1 Wkuhvkrog shufhqwdjh hydvlrq lv orzhu wkdq
wkdw hvwlpdwhg e| dydlodeoh vwxglhv iru exvlqhvvphq dqg vhoi0hpsor|hg1 Wklv idfw lv frqvlvwhqw zlwk
wkh vxffhvv ri wkh dpqhvw|1
43Wd{sd|huv zhuh fodvvl￿hg zlwk uhihuhqfh wr 45 w|shv ri hfrqrplf dfwlylwlhv/ dqg wr wkh w|sh ri wd{ uhjlph +ruglqdu|/
iruihlw hwf1,1 Zlwklq hdfk jurxs/ wkh| zhuh sodfhg lq lqfuhdvlqj rughu ri uhsruwhg jurvv uhyhqxh/ iruplqj 53 fodvvhv1
Phpehuv ri hdfk fodvv zhuh sodfhg lq lqfuhdvlqj rughu ri sur￿wdelolw| udwh +wd{deoh lqfrph2jurvv uhyhqxh,/ iruplqj
43 fodvvhv1 Dq hydghg lqfrph zdv fdofxodwhg iru hdfk wd{sd|hu ghshqglqj rq wkh gl￿huhqfh ehwzhhq wkh dyhudjh
uhsruwhg lqfrph ri wkh sur￿wdelolw| fodvv lpphgldwho| deryh klv rzq dqg wkdw ri klv fodvv1
44Wkh shqdow| gxh e| dpqhvw| sduwlflsdqwv zdv 58( ri wkh hydghg wd{1 Li wkh vxp wr eh sdlg dffruglqj wr wklv
uxoh zdv juhdwhu wkdq 8 ploolrqv Lwdoldq Oluh/ rqo| kdoi wkh dprxqw lq h{fhvv ri 8 ploolrqv Lwdoldq Oluh zdv gxh1
<8 Dvvhvvlqj wd{sd|huv ulvn0dyhuvlrq
Hvwlpdwhg uhodwlyh ulvn dyhuvlrq fdq eh frpsduhg zlwk rwkhu dydlodeoh hvwlpdwhv +vhh Wdeoh 7,= lw
wxuqv rxw wr eh zlwklq wkh udqjh ri ydoxhv uhsruwhg lq Wdeoh 7 dqg dovr zlwklq wkh erxqgdulhv xvxdoo|
frqvlghuhg lq wkhruhwlfdo prghov45/ wkdw lv 30431
Zkloh wkxv uhvxowv shuwdlqlqj wr dpqhvw| sduwlflsdqwv vhhp uhdvrqdeoh/ vrph sureohpv dulvh
zlwk uhihuhqfh wr wd{sd|huv zkr uhixvh wkh dpqhvw|/ zkr/ dffruglqj wr wkh prgho/ vkrxog kdyh d
kljkhu wkdq wkh wkuhvkrog ulvn dyhuvlrq1 Pruhryhu/ zlwk uhihuhqfh wr wkh ydoxhv ri R dqg } frqvlghuhg
lq Vhfwlrq 6/ dq lqqlwh ulvn dyhuvlrq zrxog eh qhhghg wr mxvwli| ixoo frpsoldqfh1 Rwkhuzlvh/ ixoo
frpsoldqfh zrxog eh fkrvhq +jlyhq wkh ydoxh ri R @ff,/ li wkh shufhlyhg } dvvxphg wkh ydoxh ri ff/
zklfk vhhpv lqfuhgleo| kljk hyhq dffrxqwlqj iru qrq prqhwdu| frvwv eruq e| wkh ghwhfwhg hydghu1
Dowhuqdwlyho|/ rqh frxog h{sodlq ixoo frpsoldqfh frqvlghulqj wkdw wd{sd|huv zkr duh prwlydwhg e|
prudo vhqwlphqwv frxog uhqrxqfh wr vrph ehqhw vwhpplqj iurp wd{ hydvlrq1 Wkh vdfulfh ri d ixoo
frpsolhu zrxog krzhyhu eh qrw qhjoljleoh/ dprxqwlqj wr dw ohdvw 8( ri klv wuxh lqfrph `461Dp l {
ri wkh idfwruv frqvlghuhg +wkdw lv deryh wkh wkuhvkrog ulvn dyhuvlrq/ ryhuydoxdwlrq ri shqdowlhv dqg
prudo vhqwlphqwv, frxog dovr h{sodlq ixoo frpsoldqfh1
Wdeoh 7 Hvwlpdwhv ri wkh uhodwlyh ulvn dyhuvlrq frh!flhqw
Vwxg| Frh!flhqw Hvwlpdwhg iurp
Zhehu +4<:3, 517/ :1: Frqvxphu h{shqglwxuhv
Iulhgpdq +4<:6, q43 Khdowk lqvxudqfh
Iulhqg dqg Eoxph +4<:8, :43 Ghpdqg iru ulvn| dvvhwv
Zhehu +4<:8, 4 1 6w r4 1 ; Frqvxphu h{shqglwxuhv
Iduehu +4<:;, 613/ 61: Xqlrq qhjrwldwlrqv
Kdqvhq dqg Vlqjohwrq +4<:;, 3168 wr 413 Frqvxpswlrq/ vwrfn uhwxuqv
Zroi dqg Srkopdq +4<;6, 4/ 718 Eloo dxfwlrqv
V}slur +4<;9, 4135/417: surshuw|2oldelolw| lqvxudqfh
Fhffkhwwl dqg Pdun +4<<3, :43 Dvvhw sulflqj
Ihuvrq dqg Frqvwdqwlqlghv +4<<4, 3045 Frqvxphu h{shqglwxuhv
Frfkudqh dqg Kdqvhq +4<<5, 73083 Dvvhw sulflqj
Vrxufh= xsgdwhg iurp Wdeoh 4/ s148: ri ^55‘1
Dv Wdeoh 7 vkrzv/ yhu| kljk ydoxhv ri uhodwlyh ulvn dyhuvlrq duh qrw d qhz hpslulfdo qglqj=
wkh| kdyh dovr ehhq hvwlpdwhg e| dsso|lqj HX prghov wr qdqfldo pdunhwv1 Wkhuh lv krzhyhu d
exujhrqlqj olwhudwxuh derxw wkh htxlw| suhplxp sx}}oh/ zklfk wulhv wr uhfrqfloh kljk revhuyhg
htxlw| suhpld zlwk orzhu dqg pruh whqdeoh ulvn dyhuvlrq frh!flhqwv1 D surplvlqj dssurdfk vhhpv
wkdw ri prgli|lqj wkh ghvfulswlrq ri fkrlfh xqghu xqfhuwdlqw|1 Zh iroorz wkh vdph sdwk lq wu|lqj
wr frsh zlwk wkh ixoo frpsoldqfh sx}}oh= lq wkh iroorzlqj vhfwlrq wkh prgho lv prglhg dffruglqj
wr HXUGS +H{shfwhg Xwlolw| zlwk Udqn Ghshqghqw Suredelolw|, dssurdfk1
45Hsvwhlq dqg ]lq ^44‘ txrwh d wudglwlrq frqfhuqlqj uhodwlyh ulvn dyhuvlrq/ zklfk vkrxog qrw eh juhdwhu wkdq 431
46Wklv dprxqw/ uhihuuhg wr wkh prvw ulvn dyhuvh wd{sd|hu frqvlghuhg lq Wdeoh 6/ lv fdofxodwhg rq wkh edvlv ri wkh
vxp ri prqh| wkdw kh vkrxog uhfhlyh lq rughu wr uhqrxqfh klv rswlpdo hydvlrq zkloh nhhslqj wkh vdph xwlolw| ohyho1
439W k h H X U G S d s s u r d f k
HXUGS dvvxphv wkdw wkh djhqw duudqjhv wkh rxwfrphv ri d orwwhu| lq lqfuhdvlqj rughu/ dqg kdv d
shufhswlrq ri wkh suredelolw| ri wkhlu rffxuuhqfh ghiruphg dffruglqj wr wkhlu udqn1 Zlwk uhihuhqfh wr
orwwhulhv zlwk wzr srvvleoh rxwfrphv ￿ dqg ￿￿ zlwk suredelolw| R dqg R uhvshfwlyho|/ li ￿  ￿￿/
wkhq wkh HXUGS ixqfwlrq lv jlyhq e| T E￿c ￿￿cR'sERE￿nd  sE  RoE
￿￿/z k h u h
lv dq xwlolw| ixqfwlrq dqg s lv d frqwlqxrxv/ vwulfwo| lqfuhdvlqj dqg rqwr suredelolw| wudqvirupdwlrq
ixqfwlrq s Gd f co $ dfco1 Lq wd{ frpsoldqfh sureohpv/ wkh rxwfrph zlwk kljkhu udqn ￿ lv wkh
fdvh zkhq qr ghwhfwlrq rffxuv +zlwk suredelolw|   R,/ zkloh wkh rxwfrph zlwk orzhu udqn ￿￿ lv
wkh fdvh zkhq wkh wd{sd|hu lv jhw fdxjkw +zlwk suredelolw| R,1
Wr prgli| wkh prgho frqvlghuhg lq 5 dffruglqj wr HXUGS/ zh frqvwuxfw wkh ixqfwlrq T xvlqj









z k r v hs d u d p h w h u vk d y he h h qh v w l p d w h ge |F d p h u h ud q gK r^ 8 ` 1 H X U G Sl p s o l h vu l v nd y h u v l r ql i
wkh xwlolw| ixqfwlrq lv frqfdyh/ zkloh wkh suredelolw| wudqvirupdwlrq ixqfwlrq lv frqyh{1 Hvwlpdwhv
suhvhqwhg lq wklv vhfwlrq duh frqvlvwhqw zlwk wkh ulvn dyhuvlrq dvvxpswlrq1
Wkh remhfwlyh dxglw suredelolw| frqvlghuhg lq Vhfwlrq 6 kdv wkxv ehhq wudqviruphg rq wkh edvlv
ri +44, wr nhhs lqwr dffrxqw udqn ghshqghqf|1 Wklv wudqvirupdwlrq eulqjv wkh dxglw udwh R iurp
I wr d ghiruphg ydoxh ri 2I1 Dv d uhvxow/ zlwk uhihuhqfh wr gdwd shuwdlqlqj wr wkh 4<<4 Lwdoldq
wd{ dpqhvw|/ hvwlpdwhg wkuhvkrog uhodwlyh ulvn dyhuvlrq dvvxphv ydoxhv ehwzhhq 5 dqg 6/ zklfk
ehwwhu frqirup zlwk wkh vwdqgdug ydoxh +durxqg 5, pdlqo| xvhg lq wkh olwhudwxuh iru wklv sdudphwhu1
Krzhyhu/ wkh hvwlpdwhg wkuhvkrog wd{ hydvlrq zrxog eh durxqg 49(/ d ydoxh orzhu wkdq wkh fxuuhqwo|
hvwlpdwhg dyhudjh Lwdoldq wd{ hydvlrq +4<1<(069(, dqg zlwklq wkh udqjh ri wkh fxuuhqwo| hvwlpdwhg
dyhudjh wd{ hydvlrq iru hpsor|hhv +;14( 0 4914(,1 Hyhq li wkh glvwulexwlrq ri wd{ hydvlrq lv qrw
nqrzq/ xqohvv lw lv h{wuhpho| vnhzhg/ rqh zrxog h{shfw lq wklv fdvh d odujh sduwlflsdwlrq wr wkh
dpqhvw|/ odujhu wkdq wkh rqh uhdoo| revhuyhg +zklfk zdv ohvv wkdq 43( ri wkh wd{sd|huv,1 Rqh
vkrxog dovr revhuyh vrph sduwlflsdwlrq e| hpsor|hhv +zklfk zdv lqvwhdg derxw qlo,1
Zlwk uhihuhqfh wr wkh lqglfdwru ri wkh pdujlqdo sduwlflsdqw*v dwwlwxghv wrzdug ulvn/ fdofxodwhg e|
glylglqj wkh dpqhvw| sd|phqw  e| wkh h{shfwhg vdqfwlrq +rq wkh edvlv ri wkh remhfwlyh suredelolw|,/
lw zrxog dvvxph lq wklv fdvh d ydoxh durxqg 491 Rq wkh rwkhu kdqg/ sd|phqw  zrxog eh ;3( ri
wkh hydghg wd{hv1 Wkhuhiruh/ hydglqj dqg sduwlflsdwlqj lq wkh dpqhvw| zrxog eh lq wklv fdvh/ iru
wkh pdujlqdo sduwlflsdqw/ qrw dv d jrrg ghdo dv li HX dssolhg/ dqg wklv grhv qrw pdwfk zlwk zlgho|
vkduhg eholhiv derxw wkh 4<<4 dpqhvw| frqvlghuhg1 Lq vxp/ lw vhhpv wkdw wkh HXUGS dssurdfk dw
ohdvw grhv qrw lpsuryh xsrq wkh HX rqh1
HXUGS krzhyhu h{sodlqv ehwwhu wkdq HX wkh ehkdylru ri wkh ryhu0wkh wkuhvkrog ru ixoo frpsolhuv
+zkr gr qrw sduwlflsdwh lq wkh dpqhvw|,1 Zlwk HXUGS/ surylghg wkh shufhlyhg dxglw suredelolw|
lv 2I/ ixoo frpsoldqfh zrxog dulvh zlwk } 'H 1R w k h u z l v h /z l w k} 'D / prudo vhqwlphqwv frxog
h{sodlq ixoo frpsoldqfh1 Lq idfw/ e| uhqrxqflqj hydvlrq/ wkh pdujlqdo dpqhvw| sduwlflsdqw orrvhv dw
prvw 4( ri klv lqfrph471
Zlwk uhihuhqfh wr wkh 4<<7 wd{ dpqhvw|/ wkh uhvruw wr HXUGS uhgxfhv hvwlpdwhg uhodwlyh ulvn
dyhuvlrq dqg wd{ hydvlrq lq d zd| wkdw sdudoohov wkh uhvxowv douhdg| phqwlrqhg iru wkh 4<<4 wd{
dpqhvw|1 Wkh 4<<7 dpqhvw| zdv qrw rhuhg wr hpsor|hhv/ dqg vr wkhlu uhdfwlrq fdqqrw eh revhuyhg1
47Vhh qrwh <1 Wkh ydoxh lv uhihuuhg wr wkh ohvv ulvn dyhuvh wd{sd|hu frqvlghuhg lq Wdeoh 51
44: Frqfoxglqj Uhpdunv
Sduwlflsdwlqj lq d wd{ dpqhvw|/ hydghuv dyrlg h{shfwhg vdqfwlrqv1 Dv orqj dv wkh| duh ulvn dyhuvh/
wkh {hg dprxqw wkdw wkh| dffhsw wr sd| lv kljkhu wkdq wkh h{shfwhg sd|phqw wkdw wkh jryhuqphqw
frxog froohfw +dw d frvw, iurp wkhp diwhu dxglwlqj wkhp dqg ghwhfwlqj wkhlu hydvlrq1 Wkxv dpqhvwlhv
ri wkh w|sh prghoohg lq wkh sdshu lqfuhdvh jryhuqphqw uhyhqxh1 Dv Fkx ^;` kdv vkrzq/ d pdujlqdo
lqwurgxfwlrq ri d uhjlph wkdw doorzv wd{sd|huv wr dyrlg wd{ dxglwv li wkh| pdnh d {hg sd|phqw fdq
eh Sduhwr0lpsurylqj1 Wkh w|sh ri dpqhvw| suhvhqwhg lq wklv sdshu lqgxfhv dovr d vhoi0vhohfwlrq ri
wd{sd|huv zklfk lv vlplodu wr wkdw ri sohd edujdlqlqj/ vhohfwlqj pruh jxlow| hydghuv1
Erwk sohd edujdlqlqj dqg wd{ dpqhvwlhv krzhyhu pd| lpso| htxlw| sureohpv/ dv wkh| lqwurgxfh
vrph nlqg ri glvfulplqdwlrq1 Vshflfdoo|/ wkh 4<<4 wd{ dpqhvw| kdv d uhjuhvvlyh eldv/ dv wd{sd|huv
zkr uhsruwhg kljkhu lqfrphv dqg ehorqjv wr kljkhu eudfnhwv fdq hqwhu wkh dpqhvw| dw orzhu shu0
fhqwdjh wd{ hydvlrq ohyhov1 Pruhryhu/ lq erwk dpqhvwlhv wd{sd|huv zlwk wkh vdph wuxh lqfrph pd|
sd| glhuhqw wrwdo dprxqwv dffruglqj wr wkhlu dwwlwxghv wrzdug ulvn1
Iurp dq h!flhqf| srlqw ri ylhz/ li rqh lqwurgxfhv wlph glvfrxqwlqj dqg wd{sd|huv dqwlflsdwlrq/
dpqhvwlhv pd| lqfuhdvh wd{ hydvlrq ri survshfwlyh sduwlflsdqwv/ zlwk hhfwv xsrq wrwdo wd{ uhyhqxh
wkdw frxog wxuq iurp srvlwlyh lqwr qhjdwlyh1
Wkh Lwdoldq h{shulhqfh ryhu wkh odvw wzhqw| |hduv kdv ehhq fkdudfwhul}hg e| iuhtxhqw wd{ dpqhvwlhv>
wkxv wkh dvvxpswlrq wkdw dpqhvwlhv duh qrw dw doo dqwlflsdwhg e| wd{sd|huv lv suredeo| wrr vhyhuh1
Qhyhuwkhohvv/ hvwlpdwlrq ri d vlpsoh HX prgho wkdw ljqruhv dqwlflsdwlrq surylghv uhvxowv urxjko|
lq dffrugdqfh zlwk dydlodeoh hylghqfh1 Zh duh sodqqlqj wr whvw lq d ixuwkhu ghyhorsphqw ri wklv
uhvhdufk wkh vhqvlwlylw| ri wkh uhvxowv wr fkdqjhv lq wkh dvvxpswlrqv shuwdlqlqj wr ulvn dyhuvlrq/ iurp
FDUD +Frqvwdqw Devroxwh Ulvn Dyhuvlrq, wr FUUD +Frqvwdqw Uhodwlyh Ulvn Dyhuvlrq,1
Wkh uhvxowv uhdfkhg vr idu fkdoohqjh wkh zlgho| vkduhg rslqlrq wkdw doo vw|ol}hg idfwv derxw
wd{sd|hu ehkdylru duh lq vkdus frqwudvw zlwk HX1 Iru h{dpsoh Dop dqg Ehfn ^4` pdlqwdlq wkdw 
wd{sd|huv zrxog kdyh wr h{klelw ulvn dyhuvlrq idu lq h{fhvv ri dq|wklqj hyhu revhuyhg iru frpsoldqfh
suhglfwhg e| h{shfwhg xwlolw| wkhru| wr dssur{lpdwh dfwxdo frpsoldqfh +s1 775,1 Dv d pdwwhu
ri idfw/ dovr lq rxu h{shfwhg xwlolw| prgho/ hvwlpdwhg zlwk Lwdoldq wd{ hqirufhphqw sdudphwhuv/
ixoo frpsoldqfh frxog dulvh rqo| zlwk lqqlwh ulvn dyhuvlrq1 Krzhyhu/ wkh vdph HX prgho lpsolhv
uhdvrqdeoh uhodwlyh ulvn dyhuvlrq frh!flhqwv iru dpqhvw| sduwlflsdqwv dqg frqirupv wr dydlodeoh
hylghqfh dv idu dv wd{sd|huv uhdfwlrqv wr dpqhvwlhv duh frqfhuqhg1
Wr vroyh wkh sx}}oh ri wd{ frpsoldqfh/ vrph dxwkruv +vhh/ h1j1/ ^6`, kdyh vxjjhvwhg wkh xvh
ri qrq0h{shfwhg xwlolw| dssurdfkhv/ olnh HXUGS1 Lq rughu wr ghvfuleh wd{ dpqhvw| sduwlflsdwlrq
krzhyhu/ wklv dssurdfk grhv qrw vhhp wr lpsuryh xsrq HX1 Rq wkh rwkhu kdqg HXUGS/ frxsohg
zlwk vrph prudo vhqwlphqw wkdw oov lq wkh wd{ hydvlrq jds ohiw/ frxog lq rxu prgho prwlydwh
ryhu0wkh wkuhvkrog ru ixoo frpsoldqfh +dqg wkxv qr dpqhvw| sduwlflsdwlrq,1
Lw vhhpv wkdw prghov wkdw duh ehwwhu deoh wr suhglfw wkh ehkdylru ri frpsolhuv +olnh HXUGS,
gr qrw zrun dv zhoo zkhq dssolhg wr hydghuv1 Dovr lq h{shulphqwdo hfrqrplfv wkhuh lv hylghqfh
vxjjhvwlqj wkdw vrph prghov/ zklfk duh deoh wr ghvfuleh ehkdylru zlwklq vshflf lqvwlwxwlrqv +h1j1
pdunhwv, shuirup zruvh ru gr qrw zrun dw doo lq rwkhu flufxpvwdqfhv +h1j1 sxeolf jrrg jdphv,1
Vfkudp ^54` udwlrqdol}hv wklv idfw e| frqvlghulqj wkdw djhqwv duh khwhurjhqrxv dqg duh jxlghg e|
glhuhqw prwlydwlrqv/ dv sv|fkrorjlvwv pdlqo| pdlqwdlq1 Djhqwv fkrlfhv duh lq xhqfhg e| wkhlu
eholhiv derxw zkdw wkh| h{shfw rwkhuv gr dqg e| wkh lqvwlwxwlrqdo hqylurqphqw1 Lwdoldq dpqhvwlhv
zrxog wkhq wxuq rxw wr eh ghylfhv wkdw vhohfw +dqg dujxdeo| irvwhu, udwlrqdo dqg vhovk ehkdylru1
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Qrwh= R1O1V1 hvwlpdwlrq rq orjdulwkpv ri gdwd lq Lwdoldq Oluh1
Iru hdfk lqfrph eudfnhw wkh lqfrph wd{ gxh fdq eh ghvfulehg e| wkh ixqfwlrq AEf'|￿f _￿/
zkhuh |￿ lv wkh eudfnhw*v pdujlqdo wd{ udwh dqg _￿ lv wkh ghgxfwlrq wkdw pxvw eh dssolhg vr wkdw wkh
vkduh ri lqfrph ehorz wkh eudfnhw wkuhvkrog eh wd{hg dw orzhu udwhv1 Wkh wd{ gxh/ dv d ixqfwlrq
ri wkh qhw wd{deoh lqfrph/ fdq wkxv eh uhsuhvhqwhg e| dv pdq| olqhdu vhjphqwv dv wkh qxpehu ri
lqfrph eudfnhwv1 ROV hvwlpdwlrq whfkqltxh +zlwk yduldeohv lq orjdulwkpv, zdv xvhg wr lqwhusrodwh
wkh vl{ wd{ vfkhgxohv dssolhg lq wkh shulrg iru zklfk wkh dpqhvwlhv frqvlghuhg lq wklv sdshu zhuh
dydlodeoh1
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